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Dynamics of Attentional Bias for Food in Dutch and Chinese Children and the
Role of Executive Control
Worldwide, over 340 million children and adolescents were overweight or obesity in 2016 (WHO, 2016) . It is well known that a prolonged positive energy imbalance, that is, consuming more calories than expending, to obesity and overweight (Wood, 2006) , but sticking to a healthy diet and exercise plan is difficult for most people. We live in an "obesogenic" environment, in which we are surrounded by energy-dense palatable foods (Hill & Peters, 1998) , serving as potential reward cues (Berthoud, Lenard, & Shin, 2011) . According to incentive salience theory of addiction (Berridge, 1996; Berridge, 2009) , reward-related cues, like palatable foods, can trigger incentive salience to the representations, which modify dopamine-related systems and make that stimulus even more pleasant, attention-grabbing, and finally affect eating behavior.
As attentional bias (AB) for food is considered one of the potential vulnerability factors contributing to overeating and obesity (e.g., Kemps, Tiggemann, & Hollitt, 2014; Yokum, Ng, & Stice, 2011) , a great deal of research has explored AB for food among different weight groups.
However, empirical evidence of food-related AB is contradictory Roefs et al., 2015) . In brief, people with overweight or obesity showed more, equal or less attention for food cues, compared with normal weight participants (e.g., Deluchi, Costa, Friedman, Goncalves, & Bizarro, 2017; Doolan, Breslin, Hanna, & Gallagher, 2015; Nummenmaa, Hietanen, Calvo, & Hyona, 2011; Graham, Hoover, Ceballos, & Komogortsev, 2011) . Another issue is that most of the research focused on AB for food in western adults and only a few studies included children and eastern individuals in their research. Recent studies found that even in early childhood, children began to experience weight concern (Tatangelo, 2 McCabe, Mellor, & Mealey, 2016; Damiano, Paxton, Wertheim, McLean, & Gregg, 2015) , and the growth in BMI has accelerated in both east and south Asia (Abarca-Gómez et al., 2017 ).
Thus, research should focus more on the attention pattern for food in children and people from diverse cultures.
The results of the limited number of AB-studies in children are inconsistent as well. For example, in a food dot-probe task (MacLeod, Mathews, & Tata, 1986 ) with eye-tracking, found that children with obesity did not show a significantly larger AB for food pictures than animal pictures than healthy-weight control participants. However, did find that children with obesity were slower in naming the color of a colored food word than a colored neutral word in the food Stroop task. Though this food Stroop effect is sometimes interpreted as evidence for AB for food, this type of Stroop task is not often used anymore to assess AB, as it is unclear what cognitive process underlies the effect (Field & Cox, 2008) .
The reason for the inconsistency in the AB for food literature could be the doublefacetted nature of high-caloric food stimuli (Roefs, Fransen, & Jansen, 2018) . High-caloric foods are craved by many people, but are also a cause of concern for many as these foods can cause weight gain. This might be especially true for people with obesity and for high-restrained eaters (high-restrained eaters is defined as trying to restrict their food intake, but not always succeed in refraining food consumption (Stice, Fisher, & Lowe, 2004) ). Mean AB score was adopted by almost all studies to express AB in the dot-probe task, one of the most widely used tasks to acquire participants' AB for certain stimuli (Ataya et al., 2012; Schmukle, 2005) . Whereas, mean AB score only provides the central tendency of AB and conceals the information of AB at different time points. That is, how AB fluctuates across trials during the task. Recently, Zvielli et 3 al. (2015) proposed another computing method for the dot-probe task, trial-level bias scores (TL-BS), to express AB across time. It uses all trials to create a sequence of AB scores. TL-BS variability is then calculated to express the degree of fluctuation in AB toward and away from the stimuli of interest. Compared with mean AB score, TL-BS variability could better predict BMI, depression, and spider phobia (Liu, Roefs, Werthmann, Nederkoorn, 2019; Zvielli, Vrijsen, Koster, & Bernstein, 2016; Zvielli et al., 2015) . The advantage of TL-BS is that it can capture the strong opposite motives people may have for food stimuli. The opposite motives can lead to fluctuations in attention, which can be captured with the TL-BS.
Another possible reason for the inconsistent results in the AB for food literature could difference in executive control (EC) ability in participants. Posner and Petersen (1990) proposed that attention can be divided into three networks: alerting, orienting, and EC. Among them, EC is defined as the ability to resolve the conflict among responses, which can be captured by attention network task (ANT). It was found that only in the low EC group, AB for alcohol was related to alcohol consumption (van Hemel-Ruiter, de Jong, Ostafin, & Wiers, 2015) . So, it is reasonable to assume that high in EC means that the food-related weight gain concern can be activated longer and suppress the hedonic side of food, resulting in fewer alternations in attention for chronic dieters. In this sense, EC may moderate the relationship between TL-BS variability for food and BMI. Specifically, there would be a stronger relationship for TL-BS variability for food and BMI in people with weak EC ability and a weaker relationship for TL-BS variability for food and BMI in people with strong EC ability.
In summary, the current study used the food dot-probe task and the child-version of the attention network task (ANT) (Rueda et al., 2004; Fan, McCandliss, Sommer, Raz, & Posner 2002) to explore the relationships among AB for food, EC and BMI in Dutch and Chinese 4 children. In addition to mean AB for food, TL-BS variability was computed to describe the dynamic changes of AB for food. To test if a possible relation between TL-BS variability and BMI is specific for food, or would be observed for other types of attractive stimuli as well, cute animal stimuli were included in addition to the food and neutral stimuli. Study 1 was conducted in a Dutch population and study 2 in a Chinese population.
We hypothesized that (1) TL-BS variability for food stimuli but not for cute animal stimuli would be significantly related to BMI (2) EC ability would be negatively related to BMI; (3) EC would moderate the relationship between TL-BS variability for food and BMI: we expected that in people with less EC, the relation between TL-BS variability for food and BMI would be stronger. Note that the current study was pre-registered and can be found at AsPredicted (http://aspredicted.org/blind.php?x=j833ez).
Study 1
In Study 1, we investigated the performance of Dutch children in a food dot-probe task and the child-version of the ANT.
Methods
Participants
Because no study has tested the relations among the variability of AB, EC, and BMI, it was not possible to obtain a reliable estimate of the to be expected effect size. Therefore, according to Cohen (1988) , we used a conventional medium effect size (f 2 = 0.15) to roughly calculate the required sample sizes in our two studies. To test our main hypothesis, a regression analysis was conducted, with 5 predictors (f 2 = .15, alpha = .05, power = .80), requiring at least 92 participants in each study. 107 Dutch children across the weight spectrum were recruited from a local primary school and several after-school child-care centers in the south of Netherlands.
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One child was excluded from the analysis of AB and six children were excluded from the analysis of EC because of poor performance on the food dot-probe task or ANT (> 25% mistakes; one child made too many mistakes on both tasks). In addition, three children were excluded from University, and schools/caregivers provided consent for their children to join in the current study.
Materials
Hunger Questionnaire. Participants' hunger level was assessed on a 10-point scale, by asking "How hungry are you right now?", with 0 indicating absolutely not hungry at all, and 10 indicating extremely hungry.
Food Dot-Probe Task. AB was assessed by the food dot-probe task (MacLeod, Mathews, & Tata, 1986) .
Trial Procedure. In this task, each trial started with a fixation cross presented in the middle of the screen for 500 ms. Subsequently, two pictures were simultaneously presented sideby-side for a duration of 500 ms. Next, one of the pictures was replaced by a probe (*), which randomly appeared on the left or right side of the screen, and the participant needed to indicate the location of the probe by a button-press. The probe was presented until the response or for a maximum of 2000 ms. Participants were instructed to focus their gaze first on the central fixation cross and then respond to the probe as quickly as possible.
Trial Types:
The task included five different types of trials: food-incongruent trials (food IT), food-congruent trials (food CT), animal IT, animal CT, and neutral-neutral trials. On the 6 food trials, a food and a neutral picture were presented, whereas on animal trials, an animal and a neutral picture were presented. During ITs, the probe appeared in the location of the neutral picture, whereas during CTs, the probe appeared in the location of the target stimulus (food or animal). Neutral trials included two neutral stimuli (non-food/animal pictures).
Number of Trials. Trials were evenly and randomly distributed across 4 blocks, 288 trials in total. Food-neutral trials consisted of 12 pairs of palatable food (target) and neutral stimuli;
animal-neutral trials consisted of 12 pairs of animals (target) and neutral stimuli, and the neutral trials consisted of 12 paired neutral stimuli. Each of the paired stimuli was presented 8 times,
with the target stimuli appearing on the left of the screen for 4 times and on the right side of the screen for another four times. Equal numbers of CTs and ITs were presented.
The palatable food stimuli and animal stimuli used in Study 1 were taken from , and were rated as the most attractive pictures by children. The neutral stimuli were chosen to be as neutral as possible (e.g., box, shoes, hanger). All image pairs were subjectively matched by experimenters as closely as possible with regard to the shape, color, brightness, and size of the depicted object.
Child-version Attention Network Task (ANT).
The ANT is a combination of a precueing task (Posner, 1980) and a flanker task (Eriksen & Eriksen, 1974) . In the child-version of the ANT (Rueda et al., 2004; Fan et al., 2002) , each trial started with a central fixation cross, and after a random time interval between 400 and 1600 ms, one of the cues appeared above, below or at the location of the fixation cross for 100 ms. Then the target (central yellow fish) together with flanker or the target alone appeared above or below the central fixation cross after 400 ms.
Participants were instructed to determine whether the target was pointing to the left or to the right by pressing the corresponding key. The target presented on the screen until response, with a maximum of 1700ms, see Figure Then, the dot-probe task and ANT were administered. The order of these two tasks was counterbalanced across participants. Participants could take a short break between each test block and at the end of the first task. Finally, their weight and height were measured to obtain the adjusted BMI% (BMI divided by the national (Dutch) norm BMI (Van Winckel & Van Mil, 2001 ), adjusted for sex and age, ×100.). To make sure all children understood the instructions of both the food dot-probe task and the ANT task, the experimenter firstly explained both tasks to the children, reading from a standard script. Then, the children were asked to read the instruction again. After that, two short practice blocks were conducted before starting the real tasks, during which the experimenter checked if the child performed the task correctly. In addition, before and after the practice blocks of both the food dot-probe task and the ANT task, children were told that they could ask for help if they did not understand the instructions or had other questions. The mean performance rates were good in both studies (for Dutch children, mean correct rates of the dot-probe task and the ANT task were 94% and 93% respectively; for Chinese children, they were 97% and 94% respectively), indicating that they understood the task. The whole procedure lasted about forty minutes.
Data Reduction and Analysis
Data Reduction. Reaction times (RT) in the food dot-probe task and ANT were excluded from further analyses if they were related to error responses, were faster than 200 ms, or deviated more than 3 SDs from each participant's mean RT (after excluding error responses and faster than 200 ms trials). Therefore, 6.27% of trials from the food dot-probe task and 7.08% of trials from the ANT were discarded. In addition, two outliers (4.25 SD and 4.30 SD above the mean value) in the adjusted BMI%, one outlier (3.92 SD above the mean value) in the TL-BS 9 variability for animal, and one outlier (4.60 SD above the mean value) in EC were replaced by the nearest score of the whole sample (see Wilcox, 2001) 1 .
The Computation of Attentional Indexes. Mean AB scores for food and animal were calculated separately by subtracting the mean RT of congruent from the mean RT of corresponding incongruent trials. To acquire the trial-level bias scores (TL-BS) for both food and animal conditions, we paired each congruent trial with an incongruent trial that was as close as possible in time, no further than five trials away within the same condition. A positive bias score indicated attention toward food or animal and a negative bias score indicated attention away from food or animal. The variability of AB (TL-BS variability) for food and animal were calculated using the sum of absolute distances between sequential TL-BSs on food or animal condition divided by the total number of TL-BSs (Zvielli et al., 2015) . For the neutral condition, congruent and incongruent trials were randomly assigned, and the TL-BS variability for neutralneutral trials was calculated with the same approach as TL-BS variability for food and animal. variables hunger level and age should be added as confounders in the regression analysis.
According to Gruijters (2016) , potential confounders should be controlled for if they are related to the dependent variable. Then, a one-sample t-test against zero was used to test whether an AB for food exists in Dutch children. Afterwards, hierarchical linear regressions were performed to investigate predictors of adjusted BMI% after controlling for potential confounders. Finally, the moderating effects of EC on the relation between TL-BS variability for food and adjusted BMI% and on the relation between mean AB scores for food and adjusted BMI% were examined with the "process module" in SPSS.
Results
Demographic Information and Average Performance on Tasks
Demographic information and average performance on tasks of participants in Study 1 can be seen in Table 1 . (Wei et al., 2016) was used. Because the children in these two countries differed on age and hunger, we controlled for these variables (mean-centered), and then compared the two groups on all tasks, using analysis of covariance.
Correlations
The results of zero-order correlations showed that only TL-BS variability for food was positively related to adjusted BMI%. However, mean AB scores for food was marginally negatively related to adjusted BMI%, suggesting a decrease in AB for food with increasing BMI.
All TL-BS variability variables (i.e., food, animal, neutral) and mean RT on neutral trials were positively related to the level of hunger: hungrier children showed more variability and slower RT. Moreover, children showed less variability of AB (TL-BS variability) for food, animal and neutral pictures with increasing age. 
Mean AB for food in the Sample
The result of the one-sample t-tests indicated that Dutch children showed a significant attentional avoidance of food stimuli (t(98) = 2.19, p < .05).
Hierarchical Linear Regressions
Because none of the potential confounders were related to adjusted BMI%, there was no need to control for them (see Table 2 ). We only added the predictors that were at least marginally significantly (p < .10) correlated with the outcome variable, adjusted BMI%, to the regression model. Mean AB scores for food was added in the first step and TL-BS variability for food in the second step. The results showed that the model including only mean AB scores for food marginally significant explain variance in adjusted BMI% but the effect was in the opposite direction, F(1, 104) = 3.61, p = .06. However, introducing TL-BS variability for food significantly improved the entire model, F(2, 103) = 3.92, p < .05, and explained significant additional variance in adjusted BMI%. More details can be found in Table 3 . 
The Moderating Role of Executive Control
Although adjusted BMI% was marginally related to mean AB scores for food, the effect was in the opposite direction, we only conducted a moderation analysis to examine the moderating role of EC in the relationship between TL-BS variability for food and adjusted BMI%. The independent and moderator variables were mean-centered first. Adjusted BMI% was added as a dependent variable, TL-BS variability for food as an independent variable, and EC as a moderator. The results showed that the interaction term between EC and TL-BS variability for food did not explain significant variance in adjusted BMI%, ∆R 2 = .02, F(1, 94) = 1.73, p = .19.
Discussion
In the first study, we found that among all the attention variables (the variabilities of attentional bias (AB), mean AB scores, and executive control (EC)), only the variability of AB (TL-BS variability) for food was significantly related to adjusted BMI% in Dutch children. After controlling for mean AB for food, this relationship remained significant. Mean AB scores for food was marginally negatively associated with adjusted BMI% in Dutch children and Dutch children expressed significant attentional avoidance of food stimuli. Moreover, EC was not a significant moderator of the relation between the variability of AB for food and adjusted BMI%.
Overall, these results are partly consistent with our hypothesis that children's AB for food is dynamic and that more variability of AB for food is related to a higher BMI. Together with the 14 inconsistent results of mean AB for food among people with overweight or obesity in previous studies (e.g., Roefs et al., 2015; , the marginally significant negative association we found between mean AB scores for food and adjusted BMI%, and the significant attentional avoidance of food stimuli among Dutch children, it suggests that merely mean AB scores cannot provide sufficient information. Considering both the attractive and the unhealthy aspect of high-caloric foods (Roefs et al., 2018) , the dynamic character of AB for food and for other similar stimuli should be explored.
Both the direct effect of EC on adjusted BMI% and the moderating effect of EC on the relation between TL-BS variability for food and adjusted BMI% were not significant in the first study, it is still unclear whether and how EC influences adjusted BMI%. As there is scarcely any study about AB for food in children from eastern countries, it was less clear whether the positive association between the variability of AB for food and adjusted BMI% exists in the children from a totally different culture. Next, we conducted a similar study in China to examine the dynamic natures of AB for food in Chinese children, and further test the direct effect of EC on adjusted BMI% and the moderating effects of EC on the relations between the central tendency of AB for food/the variability of AB for food and adjusted BMI%.
Study 2
The food dot-probe task and the child-version of the attention network task (ANT) were administered among Chinese children in Study 2.
Methods
Participants
102 Chinese children across the weight spectrum were recruited from a local primary school in the southwest part of China (Kunming city, Yunnan province). Two children were excluded from further analysis because of missing data and another child was excluded because of poor performance on both tasks (> 25% mistakes). The final sample consisted of 99 children (97.06% of the original sample; M age = 10.98 years old, SD age = 0.94, Range age = 9-13 years old).
Materials
Hunger Questionnaire. A Chinese version of the questionnaire that was used in Study 1.
Food Dot-probe Task. The task was the same as Study 1, except for the food and animal stimuli. We adapted the stimuli according to Chinese children's preferences. 45 children from the same school, not participating in the actual study, rated a pool of 27 food pictures and 20
animal pictures on a 5-point Likert scale, with 1 reflecting not attractive at all, and 5 reflecting very attractive. We selected the first twelve most attractive food and animal pictures as our stimuli (M animals = 3.89, SD aniamls = 0.32; M food = 4.14, SD food = 0.28).
Child-version Attention Network Task (ANT).
A Chinese version of the ANT was used in experiment 1.
Procedure
Children were tested in groups (approximately 30 children per group) in their school computer room. The procedure was the same as in Study 1, except that the information on weight and height was collected from the school's annual physical test (this was conducted 1 month before our testing).
Data Reduction and Analysis
Data Reduction. The inclusion criteria for trials of the food dot-probe task and ANT were the same as in Study 1. Based on these criteria, 2.77% of trials from the food dot-probe task and 6.02% of trials from the ANT were discarded. One outlier (3.04 SD above the mean value) in the TL-BS variability for food, one outlier (3.49 SD above the mean value) in the TL-BS variability for animal, and one outlier (3.19 SD above the mean value) in the TL-BS variability for neutral trials were replaced by the respective nearest scores of the whole sample (see Wilcox, 2001) 1 . Analysis Plan. The analysis plan was the same as in Study 1.
Computation of Attentional
Results
Demographic Information and Average Performance on Tasks
Participant characteristics and average performance in Study 2 can be seen in Table 1 .
Correlations
The results of zero-order correlations revealed that merely mean attentional bias (AB) scores for animal and executive control (EC) ability were significantly correlated with adjusted BMI%. Because EC was also significantly related to the mean AB scores for animal, it could be a potential confounder influencing the relation between mean AB scores for animal and adjusted BMI%. Therefore, a partial correlation was computed controlling for EC. After controlling for EC, the significant association between adjusted BMI% and mean AB scores for animal disappeared, r partial (96) = -.15, p = .15. TL-BS variability for food was significantly negatively related to the level of hunger, meaning that children, who were feeling hungrier, showed less variability in attention for food. There were no significant associations between age and the variabilities of attentional bias (TL-BS variabilities). As no mean AB scores or TL-BS variabilities were related to adjusted BMI%, there was no need to proceed with the regression and moderation analysis. See Table 4 for an overview of all correlations. Note. mean AB scores: mean attentional bias scores; Mean RT on filler: mean reaction time of filler trials; TL-BS variability: the variability of attentional bias; EC: executive control; adjusted BMI%: BMI divided by the Yunnan province (Chinese) norm BMI (Wei et al., 2016) , adjusted for sex and age, ×100. # p < .10; *p < .05.
Mean AB for food in the Sample
The result indicated that Chinese children showed marginally significant (t(105) = 1.71, p < .10.) attentional avoidance of food stimuli.
Comparing the Samples of the Two Countries (Study 1 and 2)
We also tested the differences between the Dutch and Chinese sample. As shown in Table 1 , the groups differed on age and level of hunger. Then, we controlled for age and hunger and compared the two samples on TL-BS variability for food/animal/neutral, mean AB scores for food/animal, mean RT on neutral trials and EC ability. The results revealed that except mean AB scores for food and animal, the two samples differed on all other indexes. Compared with Dutch children, Chinese children showed less variability for food/animal/neutral stimuli, responded faster on neutral trials in the food dot-probe task, and showed better EC ability in the ANT.
Discussion
Unexpectedly, the results of Study 2 demonstrated that among Chinese children, the variability of attentional bias (AB) for food (TL-BS variability for food) was not significantly related to adjusted BMI%. Execute control (EC) and mean AB scores for animal were positively related to adjusted BMI%, but the association between mean AB scores for animal and adjusted BMI% disappeared after controlling for EC. The children only showed more variability in attention for food, when they were feeling less hungry. Instead of paying attention to food stimuli, Chinese children showed marginally significant attentional avoidance of food stimuli.
Furthermore, there was a big group difference (Dutch children vs Chinese children; partial η 2 = .30) in performances (TL-BS variabilities, mean AB scores, and EC) after controlling for age and hunger.
Unlike in Dutch children, the positive association between the variability of AB for food and adjusted BMI% was not significant in Chinese children. Interestingly, in Study 2, EC ability was directly negatively related to adjusted BMI%, whereas this correlation was not significant in Study 1. Moreover, Chinese children showed extremely high EC ability compared with Dutch children. So, it might be that the difference in EC ability between the countries is a reason for the divergence in AB findings. TL-BS variability for food may only be related to adjusted BMI% in children with weaker executive control ability (like the Dutch children in our Study 1), whereas, other vulnerability factors might play an important role in adjusted BMI% among children with stronger executive control ability (like the Chinese children in our Study 2). Taken together, results suggest that EC is an important variable explaining differences in BMI, which is also consistent with previous studies (e.g., Lavagnino, Arnone, Cao, Soares, & Selvaraj, 2016 ). On its turn, cultural differences may contribute to differences in EC ability.
General Discussion
The current studies investigated both the mean attentional bias (AB) for food and the dynamic nature of this AB, among Dutch and Chinese children by using the food dot-probe task.
In addition, we explored the association between EC ability and adjusted BMI%. Finally, we tested the moderating role of EC ability in the relationship between AB (variability) and BMI.
Our results showed that (1) TL-BS variability for food was positively related to adjusted BMI% in Dutch children; (2) after controlling for mean AB scores for food, TL-BS variability for food still significantly predicted the variance in adjusted BMI% among Dutch children; (3) EC ability was not related to adjusted BMI% in Dutch children and it did not significantly moderate the relation between TL-BS variability for food and adjusted BMI% in both Dutch and Chinese children, whereas EC ability was negatively related to adjusted BMI% in Chinese children.
Consistent with our first hypothesis, in Dutch children specifically TL-BS variability for food predicted variance in adjusted BMI%, not TL-BS variability for animal or mean AB scores for food. This is in line with the results of a recent study from our lab, in which TL-BS variability for food explained additional variance in adjusted BMI% after controlling for mean AB scores for food (Liu et al., 2019) . Kruijt and colleagues (2016) have criticized the TL-BS methodology and found that TL-BS variability was sensitive to the increasing standard deviation of reaction time (RT) in the absence of a bias, which means a higher SD may reflect error 20 variance and the TL-BS variability cannot differentiate between measurement error and bias variability. If the TL-BS variability for food just reflects the variance in general responding, then we would get the same results of the TL-BS variability for cute animals. However, our current study revealed that merely the TL-BS variability for food, not for cute animals, could significantly predict the variance in BMI. So, it seems that at least the TL-BS variability for food can capture some features of bias variability for food stimuli.
The current study showed that there was a marginally negative association between mean AB scores for food and adjusted BMI% in Dutch children. In addition, Dutch children expressed significant and Chinese children expressed marginally significant attention avoidance of food stimuli. So, both groups focused more on neutral than on food stimuli, and Dutch children with a higher BMI showed even more avoidance of food stimuli. Note that these findings are not in line with theory (Field & Cox, 2008 ), but do not stand on their own, attentional avoidance of food stimuli has been observed in prior research (e.g., Nummenmaa et al., 2011; Gearhardt, Treat, Hollingworth, & Corbin, 2012) . Overall, our results together with inconsistent results produced in the field of AB for critical stimuli (e.g., Bantin, Stevens, Gerlach, & Hermann, 2016; Roefs et al., 2015) , like food and emotion-related stimuli, all demonstrate the importance of developing other effective computing methods to provide additional information about AB for target stimuli, and the importance of focussing on the dynamic nature of AB for target stimuli. As high-caloric food can be associated with both eating enjoyment and weight gain concern, our attention may switch rapidly between approach and avoidance for food (Roefs et al., 2018) , which is better captured by TL-BS.
Unexpectedly, we did not find a similar result among Chinese children, and for them, there was no significant association between TL-BS variability for food and adjusted BMI%. The 21 variability in AB for food may have been limited due to Chinese children's strong EC ability, and possibly, therefore, no significant association between the TL-BS variability for food and adjusted BMI% was found. In addition, different from our hypotheses, the overall moderating effect of EC was not significant in both Dutch and Chinese children. EC ability was only negatively related to adjusted BMI% among Chinese children. Considering the significantly different EC abilities between Chinese and Dutch children, it seems that there might be a floor effect in the Dutch sample, with generally low EC ability scores, and therefore not enough variability to observe significant moderation of the relationship between attentional variability for food and BMI. Similarly, there might be a ceiling effect in the Chinese sample, with generally high EC ability, and therefore not enough variability to observe significant moderation.
It is partly consistent with previous research that AB for alcohol was related to alcohol use merely in participants with low EC ability (van Hemel-Ruiter et al., 2015) . However, it is also possible that increased EC directly leads to a lower adjusted BMI% (like the result in Study 2), or alternatively, EC may be indirectly related to a lower adjusted BMI% mediated the TL-BS variability for food. Future studies, with sufficient variability in EC ability among participants, are required to test whether EC moderates the relation between TL-BS variability for food and BMI, or EC is directly related to BMI, or EC is indirectly related to BMI, mediated via TL-BS variability for food.
Apart from our main purposes, Study 1 also revealed that the level of hunger was positively related to TL-BS variability for food, animal, and neutral pictures among Dutch children. It might be the case that hunger caused difficulties to maintain concentration, and combined with weaker EC ability, could be an explanation for these results. In contrast, Chinese children showed a negative association between hunger level and TL-BS variability for food. It may be caused by strong EC ability as well. As the mean hunger level of Chinese children was moderate (Mean = 4.36), they might use the strong EC ability to force themselves to concentrate on the task and not on the unreachable food stimuli.
There are some potential reasons for the difference in EC ability between Dutch and Chinese children. First, Chinese schools emphasize self-control, and children are required to strictly comply with school discipline, which can be beneficial for developing EC ability. Second, intensive training on abilities such as following directions and concentrating on the targets in Chinese schools (Lan et al., 2009) can also contribute to EC ability. Finally, the Chinese children were tested collectively within their class in the computer room of their school with their teachers as assistants, while Dutch children were tested in several random groups at one of the classrooms or computer room without their teachers. The testing scene of Chinese children is more similar to a class situation, and it might enable students to concentrate better on their task.
The current findings also shed some light on the usefulness of some types of overweight/ obesity prevention or intervention programs. Attention bias modification (ABM) training (MacLeod, Rutherford, Campbell, Ebsworthy, & Holker, 2002) , a modified version of the dotprobe task, is used to change individuals' AB for food. It assumes that increased BMI and unhealthy dietary habits are related to AB for high-calorie foods, and AB for high-calorie foods can be changed via manipulating and measuring the reaction time-based AB (Kakoschke, Kemps, & Tiggemann, 2014; Werthmann, Field, Roefs, Nederkoorn, & Jansen, 2014) . However, the current study found a marginally negative association between mean AB for high-calorie foods and adjusted BMI%, which adds doubt on the applicability of ABM for food, since it is meaningless to train individuals who do not show AB for high-calorie foods to avoid highcalorie foods. Apart from that, the different results between Chinese and Dutch children also 23 imply to us that it is necessary to consider the characteristic of different groups when design or choose corresponding prevention and intervention programs.
There are several limitations in our current study. First, the food dot-probe task only provided RT-based AB measures, and other more direct information about AB (like eye movement data) should be included in future research. Second, we only measured general EC but not food specific, which is more strongly related to eating behaviors (Houben, Nederkoorn, & Jansen, 2014; Svaldi, Naumann, Trentowska, & Schmitz, 2014) . Future studies should further examine the influence of food-specific EC on BMI and TL-BS variability.
In summary, the current study explored the relationships among TL-BS variability for food/animal, mean AB score for food/animal, EC and adjusted BMI% and produced informative results. The results showed that the predictive effect of TL-BS variability for food on adjusted BMI% only existed among Dutch children. For Chinese children, EC ability was directly related to adjusted BMI%. Therefore, future AB-related studies should further investigate the relationship between the variability of AB for food and adjusted BMI% in participants with a wide range of EC ability and concentrate on the effects of both the variability of AB for food and EC ability on weight control. Besides, since there are lots of factors may contribute to overweight and obesity, different population features should be considered when design foodrelated studies, especially clinical prevention and intervention.
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